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INTRODUCTION 
Acoustoelastic stress measurement has been established for bulk shear 
wave, in particular with birefringence of the wave. This method, however, 
evaluates only average stress over thickness of a sample. Some preliminary 
studies have been reported for local surface stress measurement with Rayleigh 
or leaky Rayleigh wave. An approach using an acoustic microscope operated 
with hurst waves over 100MHz [1, 2] is markedly sensitive to surface roughness 
and anisotropy of grains due to very short wave length of the wave. The other 
approach using contact transducers needs long propagation distance [3, 4]. 
In this paper, the velocity of the leaky Rayleigh wave has been measured 
with a line-focused PVDF ultrasonic transducer of central frequency 10MHz. 
The sonified area of the surface is some square millimeter and the penetration 
depth ofthe wave ranges from 0.2 to 0.3mm for aluminum alloy. The relative 
precision of the velocity is less then 10·4 even for polycrystal metals. The 
measured results on the acoustoelastic coeffi.cient of aluminum alloy 2017 are 
KRz =-23 X 10·6 IMPa in the loading direction and KR2 = 9 X 10·6 IMPa in 
perpendicular to the loading direction. 
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MEASUREMENT OF LEAKY RAYLEIGH WAVE VELOCITY 
The basie eoneept of measuring the leaky Rayleigh veloeity is shown in 
Fig.l. A broad-band singlepulse is transmitted for a sample through water by 
the foeused PVDF uhrasonie transdueer. The speeular refleetion (path EO'E) 
and the wave propagated along the path ABCD are reeeived by the transdueer. 
Typieal reeeived waveforms are shown in Fig.l. The time differenee between the 
speeular refleetion and the leaky Rayleigh wave depends on the defoeus 
distanee. With measuring the time differenee, we obtain the leaky Rayleigh 
wave velocity VR by the following relations [5, 6], 
11t = mz 
(1) 
EXPERIMENTALPROCEDURE 
The sehematie diagram of the measurement system is shown in Fig.2. 
This is eomposed of a focused PVDF uhrasonie transdueer, swivel table, z-axis 
sliding stage, uhrasonie pulser/reeeiver (Panametries 5900PR), AID eonverter 
board (Sonix STR8100, 800MS/s, 8bit), and a personal eomputer. 
The line-foeused PVDF transdueer was used in this measurement. The 
nominal frequeney, foeallength, angle of aperture and element length are 
lOMHz, 15mm, 90deg and 8mm, respeetively. The transdueer was mounted on 
the swivel table which is rotated along mutually orthogonal axes perpendieular 
to the z-axis, as shown in Fig.2. The swivel tableis driven by the step motor and 
rotates in a resolution of 0.002deg/step. With the measurement of the reeeived 
pulse energy, we have sueeeeded in keeping the perpendieularity of the 
transdueer to a sample surfaee within O.Oldeg. The moving distanee ofthe 
transdueer along the z-axis was evaluated from the time differenee of the time-
of-flight ofthe specular refleetion. 
Figure 1. Basie coneept of measuring leaky Rayleigh wave velocity. 
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Figure 2. Measurement system. 
Figure 3. Tensile testing machine. 
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Figure 4. Tensile specimen. 
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The waveforms of the specular reflection and the leaky Rayleigh wave 
were digitized at a sampling rate of 800MS/s. To improved the S/N ratio, the 
waveforms were added 256 times in the computer memory. The trigger signal 
synchronizes the sampling clock, therefore, the trigger jitter is signi:ficantly 
reduced [7, 8]. 
To measure the acoustoelastic coefficient, the small tensile testing 
machine, shown in Fig.3, was constructed. Figure 4 shows the tensile specimen. 
The surface of the specimen was polished with a #2000 SiC abrasive paper. The 
testing machine applied a maxi.mum stress of 100MPa to the specimen. The 
tensile strains were monitored by strain gauges. The water temperature was 
monitored and the change in temperature was kept within 0.02K. 
RESULTS 
The acoustoelastic coefficient of aluminum alloy 2017 was measured with 
the tensile testing machine. With the cross-correlation method [7], the time 
difference between the specular reflection and the leaky Rayleigh wave was 
determined between Z= 2.0mm and 3.0mm. Figure 5 shows the received 
waveforms atZ= 2.0mm and 3.0mm. The leaky Rayleigh wave attenuates 
markedly with increase in the propagation distance, thus the wave is distorted. 
The time difference against the defocus distance is shown in Fig.6. Figure 7 
shows the leaky Rayleigh wave velocity VR against the applied stress a in 
the loading direction and perpendicular to the loading direction. The 
acoustoelastic coefficient & is given by 
(2) 
where VRo is the leaky Rayleigh wave velocity in the natural state. 
The acoustoelastic coe:ffi.cient is found tobe &1 =-23 X 10·6 /MPa in the 
loading direction and &2 = 9 X 10·6 /MPa in perpendicular to the loading 
direction. 
18 18.4 18.8 16.8 17.2 17.6 
Time ( /1 s) 
Figure 5. Received waveforms of aluminum alloy 2017. 
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Figure 6. Time difference against defocus distance. 
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Figure 7. Change in the leaky Rayleigh wave velocity with tensile stress of 
aluminum alloy 2017. 
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DISCUSSION 
Y.C.Lee et al. [I] measured the acoustoelastic coefficient of aluminum 
alloy 6061-T6 with an acoustic microscope. The acoustoelastic coefficient is 
KRJ =-20 X 10·6 /MPa and &z= 7 X 10·6 /MPa. M.Okade et al. [2] reported 
&1 =-24X I0-6 /MPa and &z= 7X I0-6 /MPa ofaluminum alloy 2017. The 
acoustoelastic coefficients we measured are agree with these values. 
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